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(57)Abstract 

PROBLEM TO BE SOLVED: To reliably remove an insulating metal 
oxide film whose surface is deteriorated by heat treatment or the 
like by wet-etching. 

SOLUTION: Heat treatment is applied to a silicon substrate 11 
where an Hf02 film 12 is deposited, and the surface of an Hf02 film 
12a after the heat treatment is exposed to a plasma. After that, the 
surface of the Hf02 film 12a after the heat treatment namely a 
damaged layer 1 2b. is removed by wet etching. 
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•7>4»>. $>^>ii'Sc;«r;U5-'?A©^^© 20 

iJ»'j:< i 4> 1 o«:^tySMt^-C&^>C i -Tits 
JiS-r'&l^2©XS<!:. 

H5IB^»<tlS©»fflaiJ»©*ffi4-:^7X-7{c«gS-r4 30 
4«<-r^>Xli*^tfC<!: ia i r SsS^ia 6 (CgBiS 

©3(ian*^i:©sii:^^, 40 

l©Xgi. 

4j^fiS-r5i^2©iiMi. 

atria ^ 5 - h siffiRi>'Biiiai^- -f f <• - Ji'*«jfjfi£ 5 

<i?tB9IB«ifi©±«Cgraitt^)g«:. BaiBf 

g©±ffl*iSta^S J: -5 (Cff?fi£-r 3 ©IfMi . 

»4©Xgi. so 
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t?as s J: ^ {c«ffl-r -sm 5 ©xgi . 
liriB^^lbJIiiOiiifg s ti/cS«(cM i> -c!!^s%tf <c 
^mecxfii. 

fjiB?^il*stf^cbn/cB5iB&JSffi^tlK©±«:^SIi 
BUSBIHSSAi^^Ccai* SJ: ^ {clttS|-r&»7 OX!l 

i. 

l9IB^^ISec«}(:f «iriBE9SiS©j1-IVjai^«Efe£-r'&C & 

8<oxmt. . 

HiIia#)SK{klg©Stilgp»©«ffi«::/7X-7«:sahr«> 
ll9©Xlli. 

mTsBT'? x-7{c»as 3 ti/cBiiiB^Jii»<kK©aaitasiJ»* 

•t;* 2, hx-^?->y(cJ:0l^*-r-5^1 0©X8i«:fl| 

(s»*«9 ] ms&m 1 ©xg«. ButBSSi B^ffii' s 

friem4©x^«. wifiei's-y-nteiSjg^K^i-r-s 
g©iaii:i?-ffi, 

LfS5)?J110] fHBM9©XS«. friB^SK^bM© 
Sai^(C*fLT:?'5Xvx-^5^>4/*tf&C>. 
J: o -CBiJIB^raKf bM©SffiS|5^%?f < -r ?>Xg4^t? 

ft. 

[|feB^©i¥iNS^j:Sii!B] 
[0001] 

[0002] 

[fif*©8J'ri5] M I SM¥««:S^a©V- hite^Mi 0 . 
■C. 3HS> i'Vn^KftJS (S i O.li) *<ffli,>6n-c 

l^-S, -75. ifi^. *ig(*^S038©i^ffiS{t*S:^g? < 
iiKL/T:#-C(-^.5Ai, 2nmga[iyT©ffi»J^'J=i>K 

[0003] -ec-c. ^>:ttf<i©y-hi»iSigiL'r. 
y 3 >»{tlBI{cftto •) . 7 X A^o^)S©»<fc«!l*> 

>'>:7x-i;x.©^PK{bJg (H f O. ©thKti^Ji2 

o«s-c*s©-c. H f o.K^-y- hitfeftfii Lxm 

mbfcm^, SiO. l@(CglStLfc©JS*i2nm«T© 
HfO. m-CS>-yXh, SiO, KilSl^lttliOSa* 
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[0 004] Hfo, m\t. mn. ;^^^*•;'^ax«cv 

D (chemical vapor deposition ) i£^^^i*>XfS(M^ 
m) ym (DHF) rm(^J:-:>X^B^cmm^ti 

o, m(ommtmw^o^ m\cn\^xfmm^mji^ lo 

HfO, S<ODHF««[{C*f-r'5SWtt3&s<STTS 
[0 00 5] 

[^ms^XS»ti] i^^-r * • ^i'>>'^''-:^ (J. 

D. Chambers) fife. •>g?6C:|dC:f e^^:7^':^ ARCf>? 
;Un At' ij h (Dx y ^iIgO^^Si:KM«a» 
Vk^WtiU^ (Effect. of Composition and Fbst-Depos 
ition Anneal inq on the Etch Rateof Hafnium and Zir 
conium Silicates in Dilute HF) . Tf^SM^ffc^^H 20 
2 0 Oll^Si^-3^* (The Electrochanical Society 
200th Meeting abs.) . 2001^ 9>^. 1434-^- 
[0 00 6] 

mmtf^m^h^'^trhwm] Lt^i^wh. Hfo 
(Df^Mm^\iU'ofcmci6\.^x\\ f o^ m^^^ hx 
[0 0 0 7 ] -ecr. m^mk(OH f 

fmm&(DH fo, m^m^tmmjicmi^fc 30 

^la 1 (c^i^-To j^. 0 1 (c^tec^T. rB#Hj «H f O, 

m^mei^cmrmi^Tr^i^x^^ . r aj j^h f om 
mx^^ct\t. HfO, KcD^il*^*«}3nori^^c<L 

Tit*] , rp. S. X«;;^^J ti^n^tl r:7»;;fkT 

>-t X oi^i . raKfbK** J . r y t' y :3 >x 
fSmi^T<*S%-C$>-Sc ^/c. rHF + NH4 OHJ 40 

Hti)^n\ t\t. Hfo, jic7)TKWi*^i;7 h+^sn 

[ 0 0 0 8 ] B 1 i)^^mhf)>tj:j: ^ic. J»ifflaft<DH f 
:7 yK (HF) ^§SK^Cc^>a^^i'«St:f^^J:c^o met? 
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Hfo, mmo:>^mitmiit. mmik(oi^!&m^j:r>x 

r^Jl^-? T;^*^6Monocl1nid|®SCC^fl:^4o COSfit 
iCcfcf?, HfO, iScD^ffitcti H fO, co^FatfiSg^;!^^?!? 
-eOite^. HfO, JS^*!;* hXc,^>:5/CC 

[0 0 0 9 ]^. H f Oa CD^ttSgSii. J»ra^KSl^<D 

asft^wsxetciiHjffl-r 5 c i ^mmmxtj: < . ae o 

^lif^CDHfO, Jg^»t?x hX^;^>:5^CCcfcO 

fOa ]S«rh^>i^X^r(C5pJfflf SCC*;ft^-C. HfO 

(Z r) . ^>i>> (La) . ^>^;l/ (Ta) XttT 

Jl.$^'^7A (A 1 ) ^<D^5sa.c5^Jl(3[)®^tJgw:oc^r 

[0010] mmcm^. iwffia^SEfCct-oT 
^cj:^xmmim^x^i>^oict^ct^m6^tt 

[0011] 

*!iIiaCDHfO, ie(t*fLr'il:«:'7 hX-^^>^^tf3^C 

HfO, m^. DHFmi&m^mi.^tc^:r.y 
^> ytc J: o -CS:1(C^*'C* ^ J: 0 Cc/S: ^ c i 
L^Tcc ^(DSri&t^:. HfO, jg^^'^X-^fc^^-r^C 
HfO, Ktc^'t:f^/f3 i7iM3nmliSt 

y--5:^®;&5'^:c hx^;;5^>^^Sti-^-r<^j:«»*^6'C* 

[00 12] SI 2 *l9[|%?B«6tC^»3f#6ii/c. » 

iiiJl^COH f O, MODHFS?gCCJ:^'^x h X ^ 

m^^^^tmx^^o ccx\ ^vx^ij7.mtLx 

HB r3^;5^<hC I , tf:^tO, ii:^t(r>m'^i^:^. 

l^/cJ;i^(c*>, HfO, m<D^ V:^y=^:yiff)^^1e& 
tU^Xi.^^. C(OCti)^h. ^^^mh\t. ^s. v 

hx-^^>d^pr<D7'^x-7«iffl<Dtt#. oao. ifft«iffl 
^n/cHfo, Mtc^^-'i^jg^^iS-rsic^^fij^ 

rc^So fiu, HfO, m^'f-YvmmtXuxmyi^^ 



s 

(0 0 13] J-:<±©*om{C«-5ti^C$<lfcfc 
[0014] 2ls:S?g©'^j v hX y5^>y:^at{cj:S 

[ 0 0 1 5 ] i^s. -i; * f b x y ypJfilJfe ^i"^ -i^JS 
»i. ^K^tlS©^%*ffi*>6SSnmge[©gg3a-C0 
*>J^fiS3li)&:i>©-e. S^aifg©^^fbli[©liJlA5;*c 
^ t, >1S^ . i h X 5^ > y f^«c^MK{tM©-Si5*i 

ii-^ - iylS^BlSL-r i . t«J A « F ^ >f X 5^ > 5/-*- 
«)^ilK{t:]P*^^ifborto< ci/tiiSfSLt,^ c©J: 

[0016] ^¥^(00:^ -J Vs. -j^>if-f3miCi6\,^ 
[0017] C©J:^{C-r •&<!:. T-^X-yrtaw-^^V*! 

[0018] :^^^(0^:i. V \-x.v9lyif-nm<C^^^ 
-C. 7"7X-?«, HB r*^tr:tfXj:i)'&:5:?"^X-7r 

[0 0 19] C©i:^(c-r.5i> S8yi!iffi^?{cJ:-,-C«S 
*sS!aL/c^Kftl§«c3^l/r. H B r ?:^tf :</X*s K 
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Cti(Cj;»3. l^®©fb®l©^«cy^-i'a«rJB 

fiS-c#i©r. ^KfbM*':^* f ^^i'tcjro 

hx-:,5^>y®Hij«:, HB r4dtf;5/XJ:>)^f5:7'7X 
v{C^K<bli©^ti«:«S-r-5ti^. »:/7Xv4!ia 
{Cj:-5-Cfe«©K«*r^BffiftS*i 9 
m. 5fe^K{b)g«:*for'^x y Fx-y^^y^rtf^c'sc 

10 C©J:^CCT^.i. ««'^©5^^-i^«: 

[0020] JlE^W©-? * •> h X V, 9^ > i':^)* fC*il,> 

[002 1 ] C©J:-5CC-rii. hx-y3^>i^{C 

[OOZZJJjs^^O-^x-^ Fx??>y:^^(cte),i 
■C. ^ffi{b)SW, -'>7X'i?A. y;l,px'?A. 
20 >. *>ifJbSOfrJl'5X't»A©'5fe©^i>&<i<>l'-3 

=&^tyKfb)S-c*oX ic^, 

[0023] %mi^<,mz>m \ o^^w^mmwim 

^mi©xsi- i»®Ji*itf?c*>n/c^ffi<bia©±«c 

«mK5:ii®-rsipr2©xii<b. ^aM*^^•*•-->i^ 

L-cy- HMi*}^fiX^-2.<tJ^«c^K^bJS«:*jt^sy 

-h%s©^^'&sttis#-&lir3©xii<!:. 
'fbM©sa5SiJ5>©aH=& x-7 ccmss-r Sm4 ©Ifl 

i. :/^XvfcSS§tifc#)iefibJi©SHJSIJ»«:'5:t 
30 (•x-yf^>i^«:.fc»3l^*r*^5©xsi*li^ri> 

[ 0 0 2 4 ] IB 1 ©*«<*SgS©i!fil:^r?i«Cj;it, JgS 

sps^-s^- nejsai^ti^isBifbiatcfcwsy- \^ 

ffi*ffll>S/c«). #JSKfbl!i©l***tiRa5^«:%:^(C^ 

[ 0 0 2 5 ] fSa. ^1 ©*««:»a©Kji*ffiCC*jl» 

>Jg<i:©®/a«jt«rWl/-Ci<^r4>J:t>. C©*i^. «m 
)IS?£7<$-x>4^-r */<:«>© -^x »y ^>e^{Cte(,» 
•c. x v5^>;5'itg^«{Cii;.SK:i£:t;-cxv^>ys#% 
^MbX'bJii.^ tfc. U>)^>m (^^<)'>V:=i>m} 
*^y-^«l«B©-^X«:^SP^Cflat,»6n*tB^{c:tt. ^ 

50 mmim<Dmsiiin<otctb<o:/''7X-7!m<DfSiic, v~ 
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C 0 0 2 6 i ^ 1 <D^H:«g<0S3^*S{C*st> 
SfSl/l^ 10 

[0 02 7] c<Dj:9{c-r-5i, ^mitm<Dm^M0. 

c 0 0 2 8 ] :^m^icmhm2o:)'=mwmm<Dm^:^m 

- ji-^n® i ^ ■siasp^iiraifiSiMccffjfiST 4 <Dx 

(ca*SJ:^«:iifar-5^7©Xli<b. «mE«c*iC:fS 

^*«tfl3-&*l»8cDXSi, ^JSiKbSORtHSP^O 30 

affi?:7'5Xv{C^gS-rS®9©Xgi. 7"^Xv(C:S 

jco^^rsmi o©xgi?r«iirt,>*„ 

[0 02 9] m2©#^i*5ii:©$i3i:erft{cj:Si. 

Fffi©M I S h5>i>xif©JBfiS«c*jt,» 

- h«@}^fiSffliaaB©Ji-iBJsP53'©^*{c. *^gg©'^i 
'>:x§ttK©-7'n-bx{c4jt,»t:. #JiKft]g|^tS(i£TS 40 

r .s^^ttsis**® * 0 ^ < Hii-r * c i *«t? * . 

[0030] ^2©*iS(*Ka©SS:^F^«C*Jl>r. ^ 

i©x^«. ssiiJ's-y- hme<t©ra{cy5-y 
[003 1] ^2©#^(*s?ja©»S:»ffi«:fei»r. 1^ so 
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(003 2) c©J:^K:-rs<k. ^KftBI©l»*»* 
[0033] 

[^B^©ll«s©0fii] (tr 1 ©^SfijfJS) «T. 
©^i©llififl5SltcC6-5'i>i^? f-x-:»^>y:^ra«coi,» 

[0034]ll3(a)~(d)«. ^1 ©HJSJ^fiSfC 

[003 5 1 *-r. m^kty-j-i -j mMmm.^m^^x, 

la 3 ( a ) {Cin-r J: ^ tc. -> 'J a >Sfi 1 1 ©±K:. H 

fo, m {itBiiia©H f o. M) 1 2^imti>. 

[0036 ] i^tC. 3 1 1 «CjftbT«lMS, 

03 (b) K^j^lTcfc^K:. :^fflitg©H f O. )g 
|g (flMilf*©H f O, 1 Z&ttih, CC-C, :P: 

So 

[0037] m«ll^i|g^:7-7Xv (I CP) 

nil 2 a^r^'^x-^tcmsL. -enccjc^r. 

©HfO, )@1 2 a©ap«:'7"^X-v'i^>-5;>€:^^ 
S. :a»W«C7'5Xvteaifem3:. 3''^X-7:yx«*SH 
Br:</XiCI, :</XiO, ^X iWig^^tfX (SKStt 
«HB r : C 1 . : O. = 1 0 0 : 1 5 : 1 0 ) . 
-fx-?9^>ii'*ga©^ + >''<-F«i©±ffi**«8Pa. 

y=j>sEi 1 «;E[ijn-r5-'<-/Tx«;t>*J6 ow, 

X-7^ffl©V-X/W-*i5 0 owr**. C©J:^ 
«c:?'^Xvj!iOI*?f&5Ci«cJ:r>-C. 03 (c) (Cii^ 
•TJl'JtC. y7Xvc}3©-f:t> 1 3^«CJ;I3. ja^Sf* 
©HfO, )gl 2 a{C*il:f4^ffi*:>6 1 ~3 nmSK© 

mi 2 bufimm^tiiy. 

[0038] .XK.. m3 (d) lCnkr<t:^iC. m^iti 
Mfi%iggSS©7 V m^i^ttltc^y f ffi? ( D H F ) 

meam^^xifM-i^mi 2bJc*fLr<»x^. 
fmm^(oH to. mi 2 a©^ffiaj*i^4-r2». 

I0 0 3 9]mi<0^mmmicj:i>t. HfO, ||gl2 

i}immshtc'>'j::iym^i iK.nuxf^m^minfj:'} 

tctk. S»<affi»©H f O, mi 2 a©affi4:''7Xv{C 

aso. -e©^. «iMat$©H f o> mi 2 ao^ssi} 
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/cHfo, mi 2a<omm^y'vx-7iccmmr^o c(o 
fc^. »tiiiimm(DH f o, m \ 2 ^(ommmc. 0:^v 

[0 04 0] i^tc. rnKDjaSJ^JSCCct-Si, JS^ttS^ 
1 ^•CBJjl'r.&/cSt>. H f o,Mi 2 accJtur ctO;^ 

[ 0 0 4 1] f^, m\ onmm.^^\.^x\t. ^j-i^ 

m 1 2 bCD^ififC. J»i!iffi«©H f O, P 1 2 aO)- 

mii^xi^i^^B^&^titj:\.^(0'c. m$m.\k<D\\f m 20 

COJr^JCT^i. HfO, S:±f*{c^s^y-e;^ 

c ^ i I > ^ mm^mm-c ^ ^moi^m^mir ^ c i -c 

[0 04 2] $/c, l|lCD^fi^S{C*$t>r. J»A0:31« 

Xv:^*xa«f$JClS3£$n^«>CDr«i^t^*i. HBr^ 
^t^;^X <fc >3 /.c Xv;SrfflC> ^ i^^<D<fc ^ 

HfO^ miC)^ or . H B r ^■^tsi^Xf}^ K ^ >f X y ^ 

>^im^i^'o<Dv. HfOa mc^^-i>m^^^fSut 

ycDB5(C, HB r^#O:^XJ:0^C-5:/'7X-7CcH f O 

, moy^m^mn-thm^. i^t^^^x^iaiicccfcorffi 

IcCDMiUr H fO, M^x -:; ^>yL/cf^, HfO, 
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[ 0 0 4 3 ] $/c. m 1 (DUis^m^oc^T. mfmtk 

OH f O, Bl 2 a (^y-^® 1 2 b) CCS*rS'?x 

•-i^^Ji 1 2 b ^sincc^i-r-s C i:^ir ^ 
[0 0441 */c. ^ KDHiS^fiSicisc^r. -i^x-^h 

[0045] (^2 <Dj|*Si^jig) J£<T. *I^§8(D02 <D 

iim^(Dm^yjmc-:>i^xmm^0mLr^ffihm^'r 
^„ ccr. Hfo, ©^(D^SKfbli«>'y=i>K<t 

^Amixo)^- mmmtLxn(^mn^tixi.>i>. 

[0046]|§l4(a)'-'(c) ISi^mb (a) - 
(c) m2<D^SSBSS«:^^*«^*KS<Dt4ig*» 

[0 04 7] *-r. 04 (a) {Cn^TJ:^CC. ^^»(!t 

*fei^si2 2/>i^fiX$n/ci^';3i>stS2 i±cc. mt^ 

(DHfO, jS (itSiIf*<DHf O, JS) 2 3^*6^^ 

-y-yh. RF^>^-Ai2 0 0W. ^ ^r:y^^-}HmM^ 
0. 4 k Pa. fi^//X3^i. riUr/> (A r ) iJ:^tm 

m{o, ) iixt(DU^f!:^ (assaw^iiiiomi 

[0 04 8 ];^CC, e>»J=i>S«2 ucjptomijili, 

-e4i(c<fcOHf O, JK2 3=&3cS^b3^^i«(c^e- 

©J^.«fLS(CJ:0. HfOa K2 3«T'=t;l/:7TX/»^Mo 
noclinidSStC^e-r^o -^(DlSm. H4 (b> (C^^ 
cfc^tC. ISSeaOH f O, ®2 '^x v hx-^^ 

>5^^tB3:tH f mmimwoHfo, JS) 23 

a i^c^. 

[0 04 9] 04 (c) (CTF^cfc^Jc. JNiftiaa 



n 

(DHfo^ 02 3a(D±(c. Y-- hmmtrj:^jr^v > 

:3>®2 4^JB^-rSo -ecDf^. S5 (a) (C^f J: ^ 
cc. .i< »; n >jg 2 4 (D±cc , h 

[0 05 0] ycfC. W;3L«I CRMK^-YX'^r^V^^^ig 
g^ffic^r. 05 ( b ) (cij^-TJc^ic. v:^>7>'<^-> 
2 5 ^fflc^r !j< y y n >ig2 4 cc*t or k ^ >r x ^ 

>y*?f^c^Ci{C<J:9, y-h^2 4a*JgJ?K-r 

J;k«HB r : C 1 , = 1 0 0 : 1 5 ) , K^-Yx^/^> 20 
2 1 ^cE^^J^t-'5>'^'^rx^:^;&^6 ow, 
[ 0 0 5 n *3D!t?fJSS(cfct»r». Vv^:^v 

-->2 5C[)nffljai5^3^^i^ior. tmmmoH fo^ m 

2 3 a^C*st:f-5v;^^^>'^•^?->2 5 (o^OV-hMffi 

2 4a) <DnfflJS[553^^Sffi5-tf/cf^. mtmi^X. Hf 
O, Jg2 3 aOSitHSP^CcStL/T K^YX y^rtf 
^cC^o -E-L/T. HfO, )g2 3aCDStliSU59'. ofs 0 H 30 

fo, B2 3 a.(>c:hii^y- hmm2 4 8i<Dnm^(D 

(?±*r€>o CtiCcJ;!). H fO, J12 3 a(c*jt:f$y- 

Ccj:^y^-S??:^t:r^j|iS^, 05 <b) (c^-r<fc^ 
CC. 5/»;r3>Sffi2 lCC*5C'tSy-Miffi2 4aCD3^flJ 

3 bCD^;ii^$n'5o 

[005 2] ccr. Hfo, m(ommmm(fCr}{,^xm 

mi^mkt. 05 (b) CC^-ry- hmS2 4 aOJ^fiSX 

ftJg (S i 0,J^> <DK^-<Xy^>^l/- hfcinUr 
c^^>. H6CDj|Sij|SSK:7S*rJ:^{c, m&mrxL (mnik 50 
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mm) <oH to, m<oY'7'<x.v^>^u- v\tm3 o 

5^>t5/U-h«*^j2 5A/mi nXhho ttJit>%. J» 
AMBiTf^rHfO, lg(DK^-Yx.:.^>^U-h*S{Jti 

ti^i)^^. U^X, ^a?)Jl$ 175^3 nmfggOHfO 
, l!i*5StS^ii(c«^cfc^<cK^-fx .:.^>^^fi:^^ 

^(.c J: 0 piei^Jis - >^Ji ( H f O 
, m) 3Crsg|^<fc^CCF^-fx«y^>^J&t7«:^Ci*«r 

[0 0 5 3] ycCC. S5 (c) JCTSTcfc^^C. m« 1 
*a%iSailS<D:7-^M7&s$*n/c4&:7-yM (DHF) 

mm^mi^^r^ji-iym2 3 btc^Lr'^x > hx-:;^ 

HfO, l@2 3 a<7)SttiSB5>) CiitCcfc 

f). K^H^x-^ rJ>SS2 
;?.'5C<i:/j:<. HfOa K2 3 a^*iC:f-5y- hmfS2 
4 a coniffmp^* "i^ X v h X 5^ > y«c J: -5 r^:^(CKt 
*r^^o ^CO*S^. i^Va>m^2 l±^C^ Hf.O, 

ii2 3 a j:o>:c^iS^ii$y- h*a^^^/M.ry- h 

^2 4a:?&iifJ^$n/c«}3g:;(?i^iS'r^p j^. v;;^>;y^• 
a?->2 50l**5i. 05 (c) tC^T'^x y hX5;5^ 

[0054] -e-OtS. 0^«*BSl/ri^^3&S. 

m^tiX\.^6mn<DMOS h^>s;^x^*{3g-:/a'fexfc 
Att»i«cj:0, v-;^®«S:0'FU-<>^JS<ti^j:-Sx^ 

X. v-:;^mmRUh'u^>mmtrj:^mmm^HmiL 

[00551 W±CCtfteHb/t ct ^ tC. ^2 Ojlifeff^SCC 

j:€>i, Hfo, m2 3^mm^tifcty^j^ymm I 
icMoxmrnE^'iyu^fcm. ^mm^koHfOr m2 

3a<D±(Cj}<Vi^y:3>K2 4^ff$figT-2>, -€*Ofg. d< 
y>-'Jr3>g2 4^>'^*^-x>yL/ry'- hmS24 a 
^ffJfiST^i^icHf O, l^2 3aJCfcC:f^y>-MlfiB 
2 4 aCO^^m^^StbSlt'So -ecof^. HfO, ^2 

m2<Dms&Bnsiici6i.^xiit. mmmmy-hmmmttj: 

^HfO, Jg2 3a(C*jW5»y- hSffi2 4 aCOyHliSU 

fcesi). H f o, M2 3 8i(om^ttmm^^%±(icm^r 

{C^tfC^r. HfO, K2 3a«rfflfiS-r-5^JS (H f ) tC 
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[0 05 6] tfc. m2(oms^mmcj:^t. Hfo, 

vCCSS-rS^fC. ^m®^^^I^:$:?S^v;;^^y^• 
^->2 5«:fflt>'Cj}<'j^"J:3>J124RO*H f O, J® 
2 3a(C*fLrlJI>;^:/^Xvx^:;^>^sSrtf;CcC^ 

mim>^m<'r^. CCOtcHb. HfO, ]g2 3a5C4tf 
tt«iy-hmS2 4a<D51'fflijai5^. o^OHfO, K2 

[005 7] ^2cD^5fe?F^^iC4dC^r. H f O, 1^ 

;^;;<^>'NVUy^«icet*&T6C<hCcJ:0h i gh-kJi 
(HfO, ®) *JMiPlli»-roltta-r-SALD (Atom 

ic Layer Deposition ) H^FSit^X i>J:i*>o 
[0 05 8] S/t. m2(D||Sfi^B.®CCtel>r. y-h^ 

y«-hmffii:^j:5S:mJ3i{i. m^u^mm^iyv a^B 

t(Dmmmm^mLxi>xi^j:i.K com^. mmm^ 
trtic^o fib. >'yrj>M i>^¥- 
^x-v^^McD^^c. y-- h^@^«^'r>2>jj^v>^';:3> 

U-^X. COlg^cD^ffi»a:/'7X-7«ziffl{cfflCi6 
[0 05 9] *(*Wtc5i. l^2CDlDam^Cc;foL^r. m 

5 (b) octS-t K'7-Yx^r5^>yxiir«K*:tr;^*<^ 
•;n>]^2 4;{)^1^-f Kx > ^> y ^n^jrl^J: -^ic^^L 

(Dy^X-7iaStC^*{,^T{*. Xy^>^i1^m^^(C^L 

<Dii®*^6x^7^>yLrL^ ^Sfi55i*^o ^cr. 
x-7ms. (*siifi?{jss-c«x-^^>y«:^tf) ©Ktc 
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?*r&X'7^>yx!ii, Hf ia(c*f-r'5x-^^> 
yxsi^, sc^tcs*'2>x.:.^>y^ff:rff4or«> 

[0060] */c, S2<D^i6J&)B^*$l»-C, SlJ&a^ 
OHfO, ®2 3 a(C*t*r^):/^XviaS-CffiC^^y^ 
X-7;?/;^a«4$CC8BSSn^4>C0r«<cC^*^ H B r ^ 

nhtih. rtjifyio. mmm^cX'ox^mt^^mi.fc 

HfO, mcni^X. HBv^^t^i1:^i)^V'7^x,v^ 
2><L|HlB$(cHf O, ]K*?liSfk^-5C«b*5-c*2.o 

X\ HfOa Ig^O:*: hX';;5^>y(Cj:0^±CC^* 

yOBuCc. HB r^^t^;^;^<J:0ft'5»y^XvtcH f O 
.aCDMH^TH f O, K=^X';^^>yL/d^. HfOa 

'>x';r hx.:r^>yjc<fc6HfO, IScr>l»564tf i&T 

[0 06 1 ] $/c. m2<D||tfiJI5985c*sC^r. f«iA!iilf^ 
CDHfO, J^23a (y^-i^®23b) (C^tf'S^x 

^> hx.y^>y'Cfflc>^^ffi«ittK:PM^5n-2><>(3[>'C« 
30 ?#6n^o T^^cC^D^. 7 hx v^>yfcj:oryjrf 
(0 06 2 1 */c. ^2oiisfim^tc4dc^r. Y-vm 
'^mm\tmt^^m.%^tihho:>xmj:\.K 

mitmRur)i^ 5 x«:; Aigft®^r*>ntf*sijSSJB,«<h 

40 [0 06 3] (^3 (ommmm) jyr. *swcDm3 <d 

qgo'^x-y hx-^^>y:^fife(mi<Diiifi0fl8#j|g) * 
m^T. Hfo, mmco^mmitm^Y- bmmmtL 
rnx/c yu X ^ > h S! h ^ ^rKj^-r -5* 

[0064]S7 (a)-'(d) R^^MS (a) - 

(c) m3(oiisfeif^mcfe-s4asitisg©sis:/jffi 
[0 06 5] tr. mi (a) {c^srjr^tc. 

50 S«5 1 ±W:t?»lA{3:S T I (shallow trench isolatio 
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tSlSISS 3 (0±lC. «?i!x.«il? I 5 0 n mm&(0:i< V 

nmm&(o^-hm^fmmiV''^v'^^-jv) 55^ 
SiiscD-eti-enc[)±cD^(c. t^mm^ 4 o n miis© 

f^, i5^5-y- hmS5 4^C!>±^^t^>">lz3>StR5 

j^cc^!amiiiii5 6^itfsu;^cf^. 
(CMP) m^^^^mmmmms e^w-mitLx^^- 

y- h mffi 5 4 (Diffl^Sa 3 if So 30 

[006 6] ^^CC, ^7 (b) CC^-rJ:^CC, FHAt^H 

hm«65 4^. SW*fiiS)S5 6RC)fy-h»IS)»«^l85 

[0 06 7] ^^CC. 07 (c) fCTn-Tcfc^CC, 
y- hSSi^raiJ^jr-^if^S nmfiSCDH f Oa K (>t« 
5 7;&$^*Srffl^S. 

[0 06 8] ;^«c. s^';r2>s^5 uc>^tL.rj»$jis. 

8 0 0'c. mmmmmt^e o^^x^^. cotmmi^j: 
9. Hfo, m mmm^kcoHfo, m) 5 8«. 07 

(d) (CTnTcfcOiC, '^x hx y^>y;FoT66ncH f 
IS (JSUesa^DH f O, K) bS&ttj:^, 50 
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[0 0 6 9 ] (Si. xfcujgjKjstcjac^r. «±(cWWo/c 

S7 ( a ) ( d ) CC^TXIitJ. NSM I S h 

[0 0 701 ^jcic. 08 (a) icjjktj:'^ic. mmmts. 
(DHfo, a5 8a(D±tc. m^^tcv D^m^mi^^ 

X. y-hfl@<!:Aj:S^>yxr*>iS5 9*. DaSR5 7 

[007 1 ] ysCCC. 08 (b) iC^TJr^tc. mWC 
MPC?JrjX«K-^'/xyf->yef8i^fl3c^r. »>y;:^ 
f*>]S5 9 fC*jC:f SOflaxS 7(DJ1'ffliJ«|5^^Rfe5fe"rSC i 
CCior. I!nSI55 7Ccy-hSg5 9a*mf So C 

n{cj:o. Hfo, mss &(c^ii^msib7(Dmm 
mmmt^a mi^^x. Hfo^ m5 8a<Dmm?mcc 

^mmm<om:$^3 nmms.txm<'r^. c<Dt 

J:0. ^^X-^^tpO^rt-yBO^CCjr'^, HfO, IBS 

08 (b) (.CmrXOiC. JiH»l*ie5 6tC*5t:fSIMlg|J 
5 7 (D^I-ffllSS^OiCCW. X h X ^ > ypjfife^j: y 

[0 07 2] AdC. 08 (c) 5C^'rJ:^JC. f^Ji?.«.l 
Sa%'i§SgS<07 -;.®7:^^^&$n/cl&>' (DHF) 
?S?K*ffll^ryy-^>J15 8 bfC*fL/r'i;* ^ hx>5^ 

>y*?fAcft\ -en(ci:^ry^-i^jf 5 8 b {r>tK> 

HfO, ie^CMPffiCcj:om*b)rcii^cDi:0 
ccHf ccj:S^|gr^gs^^^$ti*rL^^c<f:Ad:<. H 
fO, lg5 8a:c4dC:fSCfl8C5 7(D?ffflJ8|5^^'^x ';; h 

o, ms8ajf:K^rj:^Mmmm^'-hmmm^frLxy- 

[00 73] J:U±iC^B^U^cJ:^W:. ^3 cr)^tS^g^tC 

^/M^ry^-y--h«S5 4^ffj^L/cfg. y$-y 
^cot^. y^-y- h^5 4safy--HMigte»M5 

JS)S56^. y5-y--h^@5 4:6iS5fflTScfc^{C?f5 

^•rSo -e-cDfa. y^-y-h^@5 4Rafy^-y- 

h»i^Jg5 3*H^*t, -etiicJ:i3y-h{Iijm«tK5 

5 4fiM i -r s casB 5 7 ^iinieMtjs 5 e tc jg^s uyt 

Jirmifell^^5 6©±5CH f O, ©5 8^. DaSP5 7 

5 8 amm 3 ntci^ »; n >s« 5 1 ccj=f o ximm^^=i 

iCo/cK. JHtfftaaOHfOa JS5 8 ao±K:y>yx 
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5 9 a^jfJfiS-r^^ifttCH f O, K5 8 a (C^'t-^ ^OflS? 
5 7CD^iI5i5^^Sffi$-a-^. ^(DS, HfO, K5 8 

-nm^m^^hfci^. Hfo, jgssaco^s^fi^sp^^ 

^:^tcK^*T^C<b;&ipIfigi^i:'2)„ ^ttW(C». HfO 
, ii4CMP*fe{cJ:o-C|^Al/ytJg^(Di^«cH f KiJ: 

-So CO/ci*. ;XXIlfelP40:7'pH2XCC:feC^T. HfO 
, K5 8a^fl!fiRTS^{ceHLr?5^3^^*DS«E<S 

[0 07 4] ^/c. maonjsjeasccjc^i, Hfo, 

B5 8aCC4sW^II3a55 7<D^^(l!lSlJ». o^OHfO, 

)ii5 8 a(DStfcigl5^^V'^X'7(c§S^^>^tC. SStti 

'CSEStBa55J*W<ir'5o C<D/c»!), HfO, 1S5 8 a 
(Onm^^. o^DHfO, M5 8a<7)^*mSB^^ 

mmit-r c i j: o . ^^£>Etmsp»<D^<*ic > 

5 8 b ^m^V^ ^(DV. mm^M»U^^ 30 

[ 0 0 7 5 ] i^a. m3(ommBm^ci5{,^x. h f o, is 
[0 07 7] tfc. msommmmdcisi^x. ^^m^^ 

'C(i*7'^Xv F^-<x-^^>y) xmi^^^^X^iy:^ 

^« -ffjit^^. mmmmi'C^'oxmsi^^^mLtcHfo 

BstcHfo, m^mmit-r^ctifix^^. cntci 
0. HfO, m(o±i^(c^j^-i^m^Mmx^^<Dx. 

HfO, iS^-i^x'^ hx-^^v^Cc^O^^fcB^S-r-S 
C<t/)^oie6<!:>:ca, fSL, HB r SfiCC 

Bfrtc. HB r^^t?^;<J:0^j:-5V^Xv(cH f O, li 
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mmiXHfO^ m^:x^v^>^Lfc». HfO, BfC 
hX5;^>yK:i::5H f O, lg(DI^*«rf7>ac ^ C i 

[00 7 8] ^/c, m3coiiJ6m^cc*$i^r. SRii^aa 

<DHf O, )g58a {^^->?@58b) tC^t^^-^o: 
[00 79] ^fc. ^3CD||ife?^9SCC*5l^r. Y-l-m 

x^r )\^^ ^02^(0^ iz, oypu < <b 1 o^^tfK^tlS, 
Kffcjgxfir ;i/ 5 X i>m{mmx^n\t^'mmnSit 

[0080] 

[[affi(DfBm?^cSi?«] 

[H 1 ] ^^IS^?S«6CcJ:0li^n/c. jgiMmoH f 
O, M^S^>:clll?B[(CSU/ti#^CC*5ltSHf O, IS<D 

[S2] *ll^q««6tcj:0?i6ti/c:. WiWmk(OHt 

o, m<o -i; X «y h X ^ > X vjiisB#ra(c*f 

fl<#tt<D!)IS*S* 0 r ^5 ^ . 
[EI 3 ] ( a ) - ( d ) 1 CDHteBSgCClS . 

[ S 4 ] ( a ) - ( c ) 2 (DltiSJf^SICClS 

[H 5 ] ( a ) - ( c ) U^^^mom 2 (D|ISS?f^.eiCC«R 

o, msLi^mmuiyCDWfOt mo^tx^tKovvA 

[H 7 ] ( a ) - ( d ) Uif^mom 3 ©Hifeff^flSCCl^ 
[0 8] ( a ) - ( c ) 3 (7)*M$S8CC<^ 

^»¥«(*^iZcDSiia:f?fficr)Sxs^^*r»fffi0r*-5. 

[^?#<osiw] 

1 I i^y=i>sffi 
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